Adjustments in enterprise organization and refunction and goal orientations have on the annual source use by firms in response to changing organization of production, goals achieved, and prices, yields, technology, and expectations are trends in farm net worth, given a long-term farm of interest to production economists and farm coordination-growth plan. management specialists. Comparative statics has been the primary means of analyzing the impact of changes in these variables on the firm. Within MODEL DEVELOPMENT this framework, linear programming is a widely used and important analytical tool. Figure 1 presents the flow of the model. The Increased interest in the dynamics of decision simulation component of the model portrays the making and firm growth has resulted in the dedecision-making environment and contains acvelopment of analytical techniques that are cacounting functions suitable for representing farm pable of tracing the time path associated with business during the period of time that ownership comparative static solutions. Some of these of farm assets is being transferred from parents techniques include multi-period or dynamic to son.' The simulation model maintains the data linear programming, recursive programming, dyrepresenting business organization, asset ownernamic programming, and simulation. In some ship, financial parameters, and planning informacases, two of these techniques have been comtion. Adjustments in these data are made to rebined in an effort to utilize the advantages assoflect the changes called for by the coordinationciated with each individual technique. For examgrowth plans. pie, Chien and Bradford combine a multi-period
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The goal programming component combines linear programming model and a simulation expected prices, yields, and resource model to study firm growth.
availabilities with the multiple goal structure to Simultaneously, efforts have been made to informulate annual production plans. Information corporate multiple objective decision criteria into on the production levels of alternative enterfirm level and aggregate models used in agriculprises is then combined by the simulation comtural research (Barnett; Candler and Boehlje; ponent with a set of actual yields and prices to Hatch; Lee; Lin et al.; Neely et al.; Patrick and calculate net returns. These returns are distribBlake; Vocke et al.) . Nonprofit maximizing goal uted among individual members of the family in structures have been incorporated, using Beraccordance with the resource contribution made noullian utility functions, lexicographic utility by each. Social security and income tax functions, and modified lexicographic utility liabilities, and in the event of a death or gift, functions. Maximization of expected utility and federal and state estate and gift taxes, are calcumulti-goal decision criteria has sought to recoglated following the rules that existed prior to the nize the importance of price and yield risk, deEconomic Recovery Tax Act of 1981. If the end sired consumption levels, asset ownership, and of the planning horizon has not been reached, the the use of leverage in production and investment financial parameters and planning information decisions.
are updated. At the end of the planning horizon, This paper employs a recursive model consistresults are summarized. 2 ing of goal programming and simulation compoThe goal programming model used to develop nents as a method of incorporating multiple obthe'annual production plan for the firm is an exjectives into a firm growth decision model. The tension of linear programming. The major differmodel demonstrates the impact that the alternaence between goal programming and linear protive forms of the goal programming objective gramming is the representation of the objective Craig L. Dobbins is Assistant Professor of Agricultural Economics, Purdue University. Harry P. Mapp, Jr., is Professor of Agricultural Economics, Oklahoma State University.
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This represents a rather specific and critical decision period in the life cycle of the farm firm and a rather specific but common family situation. However, the approach could be adopted for other decision periods and family situations.
2 Space does not permit a detailed description of the firm growth simulation model. Since the emphasis of this study is on the impact of alternative forms of the goal programming objective function and goal orientations, readers interested in the detail of the simulation model are referred to Roush. underachievement are represented by d-, and Two linear goal structures have been used in deviations arising from overachievement are repprogramming models. While both of these strucresented by d+; A is an mxn matrix of coeffitures require the specification of a satisfying cients representing the interactions of production level for each of the goals, one structure assumes alternatives and goals; x is an n-component colthat the various goals can be ranked in order of umn vector of production alternatives; R is an priority by the decision maker. This ranking is mx2m matrix comprised of the identity matrix used to assign preemptive priority factors to the and its negative; g is an m-component column deviational variables in the model. 3 If two or vector of goal satisfying levels; U is a qxn matrix more goals are identified as having the same priof production coefficients and b is a column vecority, weights reflecting the trade-offs or rates of tor of available resources. When all goals are assubstitution allowed between these goals are assumed to be of the same priority (the substitution signed to the appropriate deviational variables. If goal structure), k = 1, assignment of the Pj's is all goals are assigned unique preemptive factors, not necessary. In this case, c = [wi w 2 . . . w] this structure would represent a lexicographic i= 1, 2, ... 2m. With this modification, the utility function (Ferguson) . This structure allows statement of the model remains the same as in consideration of the less important goals only equations (1) through (4).
FARM SITUATION AND METHOD
with small grain, common bermudagrass hay, OF ANALYSIS winter and spring stocker cattle, and cow-calf production. Resource restrictions include cropGoal programming models using each of these land acreage, pasture land acreage, monthly goal structures are employed to determine annual labor and cash availability, and availability of production plans for an Oklahoma farm. The pasture AUMs on a monthly basis. analysis assumes that the farm is organized as a
The returns for each of the enterprises console proprietorship, and that ownership of setained in the goal programming model were lected farm assets is being transferred from the based on price and yield expectations formulated parents to the son to assist him in becoming esby the producer (Table 1) . The expected prices tablished in farming. The farm, located in north for wheat, grain sorghum, and alfalfa hay were central Oklahoma, originally consists of 2,400 based on information available to the producer at acres, with 800 acres owned outright by the the time the expectation was formulated-price father and the remainder rented on a cash basis.
received the previous year and U.S. aggregate Initially, labor is provided by father and son in stocks. The price expectation for feeder cattle equal proportions, with seasonal labor hired as was based on the price of feeder calves in Okneeded. In year 10 of the planning horizon, the lahoma during the preceding year, total U.S. calf father's labor contribution is reduced to zero to crop, and cattle marketings the previous year. reflect his retirement. To replace this loss, a fullThe March stocker price expectation was based time employee is hired. Management of the farm on the price of stockers in the preceding Novemis also shared. The father at first provides 60 perber and on pasture conditions. The May stocker cent of the management, with the percentage deprice expectation was based on the price of dining to zero upon retirement.
stockers in the previous March. The transfer of farm assets and the overall Yield expectations were based on a weightgrowth of the farm is guided by the coordied average of past yields, using exponentialnation-growth plan-based on a case farm situasmoothing. The most recent yield observation tion and developed by interviewing family mem-(Y) was given a weight of 0.333 (Table 1) . bers. When the model is employed to compare Weights associated with earlier observations degoal structures, the plan is exogenously creased geometrically. This exponential smoothspecified. The same coordination-growth plan is ing equation provides results similar to a fiveused for each structure. Thus, the goals of imyear moving average (Brown) . portance in formulating this plan are only imWhile multiple goals are considered important plicitly contained in the model and do not vary with changing goal structures of the program- expectation equations were estimated with ordinary leastAnnual crop and livestock production decisquares regression using 36 years of data. The standard errors sions are based on resource restrictions, goals, for each of the estimated coefficients are reported in par-SIOS are based on re e r, g , enthesis. Data for estimating these equations was taken from production alternatives, and price expectations. published USDA data series. Production alternatives include wheat, small bThe expected crop yields, EY, for crop i were estimated grain grazeout, grain sorghum, alfalfa hay, cormusing exponential smoothing. mon bermudagrass pasture overseeded in the fall 6 Only one long-term coordination-growth plan is described here. Other plans could be evaluated using this approach (Dobbins). a Satisficing levels for the goals represent the target levels for each goal. The level for the cash balances goal was based on the estimated cash needs of the farm for debt repayment, payments for insurance and property taxes, and future investment. The level for consumption was estimated to provide for two families a level of consumption comparable to others in the area. The level of the seasonal labor goal permits hiring the equivalent of a full time employee working 45 hrs. per week for 50 weeks per year. The level of the leisure goal was selected to allow both families a two week vacation. The level of current assets was based on the value of current assets included in the balance sheet.
b The Pji represent the priority level of the ith goal. When using the ranked goal structure Pjl = Pj 3 = Pj6 and Pj4 = Pj 5 . When using the substitution goal structure Pjl = Pj2 = Pj3 = Pj4 = Pj5 = Pj 6 .
in planning, there is little agreement on the imare above the satisfying level. Because of this portance of goals or their description. Identifying behavioral assumption, each goal required only goals to include in a decision model and their one deviational variable. The goal structure and importance can be determined in one of three levels used in the programming model are sumways (Barnett) . The first method (used here) is to marized in Table 2 . choose a set of goals and an arbitrary set of initial Solutions to the model containing the ranked weights, adjusting the weights until the results goal structure were achieved through an iterative resemble the decision maker's actual behavior or approach. The first step of the process was to are satisfactory to him. A second approach is to minimize the weighted value of the deviational establish goals and weights based on the decision variables associated with the first preemptive maker's past activities-a revealed preference level Pli, or the goals considered as the most imapproach. A third method is to elicit preferences portant. Second, an additional constraint was directly from farmers by using survey techadded to the model that restricted the solution niques.
space by preventing the weighted deviations The goals contained in the model relate to (1) from exceeding the minimum level established in year-end cash balances, (2) level of family conthe first step. The third step required specifying sumption, (3) level of short-term borrowing, (4) the goals of the next preemptive level as the obamount of seasonal labor hired, (5) amount of jective function. This process is continued until time available for leisure, and (6) value of current all preemptive levels have been considered. assets. 7 It is assumed that the operators are conWhen one uses the substitution goal structure, cerned only with deviations that arise from the objective function changes are unnecessary beunderfulfillment of a goal. That is, the operators cause all goals have the same priority level. are concerned about the minimum level of family Thus, a direct solution to the problem was obconsumption, year-end cash balances, value of tained, and the above stepwise solution procecurrent assets, and the amount of leisure time dure was not needed. only if they are less than the satisfying level. SimAlternative goal rankings and weights were ilarly, they are concerned if short-term borrowused to represent general goal orientations. For ing and seasonal hired labor become too high and the ranked goal structure, an income orientation 7 These goals were selected on the basis of previous research. Harmon et al. identified eight goals as important to farmers: control more acreage by renting or buying; avoid being forced out of business; maintain or improve family's standard of living; avoid years of low profits or loss; increase time off from farming; increase net worth; reduce borrowing needs; and, make the most profit each year. Smith and Capstick identified ten basic goals: provide a college or vocational education for children; reduce borrowing needs; increase net worth; increase time devoted to family, personal, church, and community needs; increase efficiency of production; operate the farm to realize the highest long-run profit possible; improve family living standard; increase farm size by expanding acreage; avoid being forced out of business; and organize the farm to stabilize income. Patrick and Eisgruber conclude that goals can be grouped into four major areas: living standard; farm ownership; leisure-children, referring to the desire for leisure time and a family; and credit-using, risk-taking behavior that is characterized by the willingness to sacrifice in the farm operation in order to achieve other goals. The additional goal related to the hiring of seasonal labor was included to reflect the desire of area producers to limit the amount of seasonal labor. This desire was included in the model as a goal rather than as a constraint because additional labor could be hired at the current wage rate.
was represented by assigning the highest priority grain sorghum was not produced under the into consumption. Goals related to cash balances, come orientation. The number of stockers passhort-term borrowing, and current assets were tured during years 1 through 3 was also larger. given second priority. Goals related to part-time For years 7 through 10, crop production plans labor and leisure were assigned the lowest priwere quite similar for the two ranked goal orienority. A labor orientation was reflected by assigntations. During years 11 through 15, crop producing the highest priority to the consumption goal, tion plans under the labor orientation continued followed by goals associated with part-time labor to be dominated by grain sorghum production. and leisure. The lowest level of priority was asFeeder cattle were sold, and no stockers were signed to those related to cash balances, shortproduced during this period. Production plans term borrowing, and current assets. Because under the income orientation during this period more than one goal was assigned to some priority were much less stable. Large shifts were made level in the ranked structure, weights were also from year to year in wheat and grain sorghum assigned to some of the goals in the structure acreage; similarly, the number of stockers pas-( Table 3) .
tured also varied widely. The same orientations were reflected with the The increased stability of production plans substitution goal structure by assigning different under the ranked labor orientation is the result of weights to the goals. The weights which reflect the goal ranking and the solution procedure. the income and labor orientations are reported in Under the ranked goal structure, the highest pri- Table 3. ority goal was income for family consumptionTo assess the impact of the alternative goal achievable by concentration on crop production. structures on production plans and firm growth, In trying to meet the goals ranked second (labora 15-year planning horizon is used. For each year related), grain sorghum production was more atof the horizon, the enterprise organization was tractive than wheat production, because the determined by the goal programming model, labor requirements for grain sorghum were more using expected prices and yields. For each of the evenly distributed over the growing season than simulated comparisons, prices and yields as well those for wheat. This allowed a better utilization as the coordination-growth plan are the same.
of the fixed labor supply and reduced the quanThe effect of selecting alternative goal structures tity of seasonal labor hired. Requiring the dewas evaluated by comparing annual production viational levels of the first two preemptive ranks plans, goals achieved, and changes in net worth, to remain at their minimum levels, while attemptover the planning horizon.
ing to minimize the deviations of the goals ranked third (income), did not allow the adjustments that were possible under the income orientation.
RESULTS
The production plans that were developed under the substitution objective function were Production Plans more similar for the goal orientations than those developed under the ranked objective function. For each goal structure, the acres of wheat and However, some of the same tendencies were still grain sorghum planted, head of feeder cattle sold, exhibited. During the early years of the planning and head of stockers pastured are reported in horizon, crop production was dominated by Table 4 . The income orientation under the wheat production under the income orientation. ranked objective function resulted in more emGrain sorghum production became an important phasis on wheat production and stocker producpart of the plan during year 5 under the labor tion when compared to the labor orientation, orientation, and stocker production was lower. During the first 6 years of the planning horizon, For years 7 through 10, crop production plans were quite similar for both orientations. For years 11 through 15, both goal orientations exhib- .15
The goals that were gained in each solution of the GP model are reported in Table 5 . Those a Cash balance, borrowing and current asset goals were achieved for each structure (substitution and assigned the same priority. Part-time labor and leisure goals ranked) are quite similar for the two general goal were also assigned the same priorities, orientations. For the ranked structure, the consumption goal (ranked highest) was achieved in a Income ranking assumes that family consumption is the goal of highest priority; cash balance, short-term borrowing, current assets are of second priority; leisure time and seasonal labor were the third priority. The labor ranking assumes that consumption has the highest priority, leisure and seasonal labor were second in priority, and the cash balance, short-term borrowing and current asset goals were the lowest in priority. Weights used for goals of the same rank are reported in Table 3 .
b Income goal weights were assigned as: cash balances-.25, family consumption-.40, short-term borrowing--.10, seasonal labor-.05, current assets-. 15, leisure time-.05. Under the labor orientation weights are assigned as: cash balance--.05, family consumption-.50, short-term borrowings--.05, labor-.25, current assets-.05, leisure time--.10.
c Stockers were placed on pasture in November.
all production plans. Under the ranked structure, structure were also quite similar for the two the labor orientation led to the seasonal labor orientations. It is difficult to distinguish between goal being achieved more frequently than under the two orientations, based on achievement. the income orientation as expected.
Under the substitution structure, the consumpThe goals achieved under the substitution tion goal was not achieved in any of the production plans, even though the weight attached was followed by a general upward trend for the re- the conclusions about what can be achieved. For nancial positions. Using the ranked structure, the example, under the ranked objective function, first unachievable goal has a large impact on the the consumption goal was always achieved. production plan. Use of an income-orientated set However, under the substitution objective funcof goals resulted in larger annual shifts in production, the consumption objective was not, even tion, when compared to a labor-oriented set. The though its weight was 1.6 to 2.0 times larger than results obtained in a goal programming model that of the other goals. Although not tested, the with a ranked objective function will be strongly choice of the objective function form may also influenced by the ordering of the goals and the have an impact on the quantity of resources specification of the satisfying level.
needed to gain a particular set of goals. Using the objective function that allows
In order to determine which of these structures trade-offs between all goals, the weights assigned most accurately reflects the decision-making to the deviational variables influence the produccriteria of farmers, additional research is needed. tion plans. While production plans could still be While the literature was searched to obtain the dominated by a single goal, plans developed with goals and initial weights used in this study, quesmodels using this type of structure are less likely tions remain as to their appropriateness in reto be dominated by a subset of the goals. Under flecting the decision criteria employed by agriculthe two orientations, the annual production plans tural producers. Additional research is needed were more similar when using this objective also to determine satisfying levels, weights, or function structure in contrast to the ranked obranking for the goals, and changes in these values jective function. through time.
